Softw are engineering (SE) research should be r elevant to industrial practice. There has been a debate on this i ssue in the community since 1980' s by pioneer s such as Robert Glass and Colin Potts. A s w e pass the milestone of ''50 Year s of Softw are Engineering'', some recent positive efforts hav e been made in this direction, e.g., establishing ''industrial'' tracks in sev eral SE conferences. How ev er, w e, as a community, are still struggling with resear ch relevance and utility. The goal of this paper is to act as another ''w ake-up call'' for the community to reflect and act on the relevance of SE research. The contributions of this paper ar e as follow s: (1) a review of the debate on resear ch rel evance in other fields; (2) a Multi-vocal Literature Review (MLR) of the debate in SE (46 sources) and the suggestions discussed in the community for improving the situation; (3) a summary of the experience of the authors in conducting SE r esearch with varying degrees of relevance; and (4) a review of recent activities being done in the SE community to improve rel evance. There has been no systematic literature review on the topic of research relevance in SE yet. Some of our MLR findings are that: the top-3 root causes of low relevance, as discussed in the community are: (1) Simplistic view (wrong assumptions) about SE in practice; (2) Wrong identification of resear ch problems (need s); and (3) Issu es with research mindset. The top-3 suggestions for improving research relevance ar e: (1) Using appropriate research approaches such as action-research, that would increase chances of research rel ev ance; (2) Choosing relevant (practical) problems; and (3) Collaborating with industry. By synthesizing all the discussions on this debate so far, this paper hopes to encourage further discussions and actions in the community to increase our collective efforts to improve the research rel evance in our discipline.
INTRODUCTION

Som e critics say that: ''Software engineering (SE) r esearch suffer s fr om irr el evance. Resear ch output s hav e littl e r el evance to softwar e pr acti ce'' [20], and ''practition er s r ar ely l ook t o academi c lit er atur e for new and bett er ways t o dev elop softwar e''
. In a 1998 paper [30] [11] . M any believe that: ''We [ SE r esear cher s] ignor e t he r eal cutting-edge pr obl ems t hat organizati ons face t oday'' [11] .
, David Parnas said: ''I hav e some concerns about the dir ecti on being t aken by many r esear cher s in the softwar e community and would like t o off er them my (possi bly unwel come) advi ce'', and one of those advices being: ''Keep awar e of what i s actually happening by r eading industrial pr ogr ams''. H e continued that ''most software dev el oper s ignor e t he bulk of our r esear ch''. ''Some [ pr actition er s] think our fi eld [ SE] i s dat ed, and bi ased t oward l arge or ganizati ons and huge pr oj ect s''
Perhaps David Parnas w as amongst the first to talk about this issue in his 1985 paper [47] , where he mentioned that: ''V ery littl e of [ SE r [48] .
esear ch] l eads to r esult s that ar e useful. Many useful r esult s go unnoticed because t he good work i s buri ed in the r est''. A s an ''extreme'' quote, via a personal communication, a senior SE academic in Canada mentioned that: ''[Industry] peopl e want softwar e, not SE!''. Some also believe that: ''… SE r esear ch i s divor ced from r eal-world pr obl ems (an impr essi on that i s r einfor ced by how irrel evant most popul ar SE t ext books seem t o the under graduat es who ar e for ced t o wade t hr ough them)''
In another 1994 IEEE Software paper, Robert Glass mentioned that, in his opinion, the SE research is (w as) in ''crisi s'', since most research activities at the time w ere not (directly) relevant to practice. In another 1993 IEEE Softwar e paper [28] , ' . Now, as we pass and cel ebrate 50 year s of SE 1 (as of this writing in 2018) [49] , one w ould wonder: how much has changed since then (1990' s) in terms of relev ance of SE research? In the same paper, Glass talked about a ''2020 vi si on'' and hoped that in 2020: ''Softwar e pr actice and r esear ch [would] work t oget her'' [38] . But has this really happened (in a large scal e)?
Colin Potts wrote that: ''as we cel ebr at e 25 y ear s of SE, it is healthy t o ask why most of the r esear ch don e so far i s failing to influence industri al pr actice and the quality of the r esulting softwar e'
Glass had hoped that things w ould change (improve): ''the gr adual accumul ation of enough r esear cher s expr essing t he same vi ew [i.e., the softwar e-r esear ch crisi s,] began to swing the fi eld t oward l ess arr ogant and narrow, mor e r eali stic appr oaches'' [38] . But it could be argued that perhaps we have had only a bit of improvement in terms of resear ch relevance. According to the panelists of an industry-academic panel in ICSE 2011, there is a "near-compl et e di sconnect betw een softwar e r esear ch and pr actice" [40] .
As stated in a Requirements Engineering (RE) paper: "the purpose of performing research is to synthesise new knowledge that can be either (1) put into practice, or (2) used by other researchers to help them perform [practical] research" [23] . What ratio of our papers can really fall in either of these tw o categories?
The debate of resear ch (ir)rel evance is also widely discussed in other circles of science. An online article [50] reported that most w orks of academics are not shaping the industry and public.
But instead ''their [ academi cs] work i s l argel y sitting in academi c j ournal s that ar e r ead al most exclusively by their peer s''.
Root-causes of low rel ev ance:
M any believe that one major problem (root-cause) is that most resear cher s' research style is ''advocacy research'' [38] or in other w ords, ''SE r esear ch being mor e solution-driven than pr obl em-focused'' [28] . A 2002 RE paper argued that: ''the pr ocess by which r equir ement s engineering r esear cher s perform r esear ch i s br oken'' since most researchers do not properly "under st and the pr acti ce" [23] .
SE r esear ch driven by ''purely academi c consider ations'' has, unfortunately, a limited impact on soci ety and the industry it is supposed to eventually serve [35] . ' [35] . Furthermore, w e as the SE community have ''difficulti es t o attract industrial participants t o our conf er ences, and the scar city of paper s r eporting industrial case studi es'' [41] .
'D evi sing SE solutions in a vacuum, in the comfort abl e setting of academi c offices, i s unlikely t o yi el d the r esult s the softwar e industry needs''
In the opinion of Robert Glass [38] , one of the time spots in history when the connection betw een industry and academia w eakened (or ev en sev erely broke down) w as due to the ''lingering aft er - [38] ''and because of them, new theory still has a difficult time pen etrating curr ent practice''. While efforts hav e been made through the year s on joint industry-acad emia collaborations (IAC) by many SE researchers and practitioners [51] , the two communities are still loosely connected at best (see Section 2.4). [23] . The debate of research relevance is not specific to SE, as the i ssue has been the subject of active debate in almost all sci entific disciplines, e.g., [52] [53] [54] [55] [56] . A s w e report in our literature review in Section 2.4, more than 190 paper s have been published on this topic. Some of the paper titles, on this subject, look interesting and even bold, e.g., ''Rigor at the expen se of r el evance equal s rigidity'' [52] , ''Which should come fir st: Rigor or r el evance?'' [53] , ''Reconciling the rigor-r el evance dil emma'' [54] , ''Informati on syst ems r esear ch t hat r eally matt er s: Beyond the I S rigor v er sus r el evance debat e'' [55] , and ''Having it all: Ri gor v er sus r el evance in supply chain management r esear ch'' [56] .
eff ect of thi s so-call ed [ softwar e] crisi s, how ev er'' which led to ''a deep r esentment by softwar e pr actitioner s of softwar e t heori st s and softwar e t heory''
SE r esearch should have rel evance: ''The r esear ch that needs to be don e [ of industrial r el evance] may not be fun or popul ar, but it i s what needs to be don e if we as r esear cher s want t o hel p our cust omer s [pr actition er s]''
The combined experience of the authors:
The authors have been professional resear cher s in SE, and have had many year s of experience in SE practice, in total, for about 18, 11 and 36 years, respectively. They have w orked in many countries during their car eer s (Canad a, Turkey, N etherlands, Sw ed en, Finland, U S, France, Germany, Italy, and Spain) and have collaborated with 100+ industrial collaborators so far. Over the year s, they have increasingly questioned and reflected on the impact and usefulness of SE research and, as a result, have made it a priority to combine and base their research on real industrial challenges and with a genuine involvement in actual engineering problems. In their view , ''r esear ch can be vi ew ed as continuous co-experiment ati on, wher e industry and academi a cl osely coll abor at e and it er atively and j ointly di scov er pr obl ems and dev el op, t est, and impr ove solutions'' [57] .
Som e of the authors have had transformational experiences w .r.t. conducting research with higher rel evance. For example, throughout his resear ch career, the first author has worked at sev en universities and in three countries (Canada, Turkey and the N etherlands). H e has collaborated on research projects with 30+ companies and public institutions. From working on research with relatively low rel ev ance (e.g., [58, 59] ), he has had transformational experience to shift to resear ch with higher rel ev ance (e.g., [60, 61] ). The second author w orks at a research institute with an explicit mission to support IAC. H e has r ecently been on two panel s to discuss relevance, e.g., the panel named ''When ar e softwar e t esting r esear ch contributions, r eal contributions?'' [45] , organized a workshop on resear ch and practice, and has published papers that highlight limited relevance in artifact-oriented research [62] [63] [64] . The third author has al so published about relevant research and IACs, e.g., [57, 65, 66] . In a recent work with his collaborators [57] , an approach for ''continuous and collaborative'' technology transfer in SE was reported. H e has initiated and managed 100+ industrial SE projects throughout his car eer.
Goal and contributions of the paper:
M any ''w ake-up'' calls have been published in the community to reflect on the relevance of SE r esearch (since as early as 1985), e.g.., [5, 19] . There have been changes, but we ar e still far from the ideal situation. The goal of this paper is to be another w ake-up call for the community to reflect on the resear ch relevance.
We w ant to raise (further) aw areness on the important issu e of research rel ev ance by reporting the following contributions:
• A review of the debate on resear ch relevance in other fields (Section 2.4)
• A Multi-vocal Literature Review (MLR) of the debate on research relevance in SE and what should be done to improve the situation (Section 3) • A review of recent activities being done in the SE community to improve relevance (Section 4)
• Initial ideas tow ards objective assessment of research relevance (Section 5)
• The experience of the authors in conducting SE research with ''varying degrees'' of relevance, which w e will present in a blended manner throughout the paper (in Sections 3 and 5)
We believe that the above contributions are novel and unique. The MLR contribution is novel and useful since, instead of relying on and considering the opinions mentioned in only each of the papers in this ar ea, e.g., [1] [2] [3] , the MLR aims to collect and synthesize the opinions from "all" the (46) sources about this debate and thus it provides a more ''holistic'' view on the issue.
On another point, there has been no ''meta-literature'', i.e., r eview (secondary) studies, on the topic of research rel ev ance in SE yet, but there are also a few existing review studies on the topic in other fields, e.g., a 2015 r eview paper in management sci ence [67] , and another 2017 r eview paper [68] al so in management science.
Structure of the paper:
The remainder of this paper is structured as follows. Background and a review of the related work are presented in Section 2. We present the MLR of the debate on research relevance in Section 3. In Section 4, we present a review of recent activities in the SE community to improve relevance. In Section 5, we present some initial ideas and examples towards assessing relevance of SE papers. Finally, in Section 6, we summarize the findings and discuss the recommendation and future work directions.
BACKGROUND AND RELATED WORK
To set the stage for the rest of the paper, w e present the followings in this section
• Definition of the terms: research relevance, utility, applicability, impact, rigor, and their relationships • Reviewing the existing model s for classifying types of resear ch • A s the related w ork, w e briefly review the literature on research relevance in other disciplines • Current state of affairs: SE practice versus research (industry versus academia)
• Value for both basic and applied research in SE 2.1 Defining the terms: research relevance, utility, applicability, impact, and rigor
To ensure preci seness of our discussions in this paper, it is important to clearly define the terminologies used in the context of this w ork, which include research ''rel ev ance'' and its r elated topics, e.g., research ''utility'', ''applicability'', ''impact'' and ''rigor''.
Research rel ev ance:
According to the M erriam-Webster Dictionary, something is relevant if it has ''significant and demonstr abl e bearing on t he matt er at hand''.
A paper authored by a researcher in the Harvard Business School [69] defined "relevant research papers as those whose research questions address problems found (or potentially found) in practice".
A paper in the Information Systems (I S) domain [70] stated that ''r esear ch in appli ed fi elds has t o be r esponsive to t he n eeds of busin ess and industry t o make it useful and pr acti cabl e for them''. The study presented four dimensions of relevance in research which deal with the content and style of research papers, as shown in Table 1 [70] . A s w e can see, the resear ch topic (problem) is one of the most important aspects. The resear ch topic undertaken by a researcher should address r eal challenges in industry, especi ally in an applied field such as SE. It should also be applicable (implementable) and consider current technologies and business i ssues. Writing style al so matters. A s another dimension of relevance, the resear ch paper should be easily readable and understandable (in terms of tone, style, structure, and semantics) by professionals. There have al so been many efforts to model and theorize ''rel evance''. For example, a paper entitled ''Refr aming t he r el evance of r esear ch t o practice'' in the field of managem ent science [72] modeled the factors that influence rel evance and their relationships. We have customized that model slightly to make it fit to SE, as shown in Figure 1 . The slight changes ar e additions of the ''practitioner'' actor and the ''task'' entity. A s w e can see, rel evance of a piece of information or a (resear ch) topic could be subjective and vary form a practitioner to another, depending on their roles (e.g., softw are developer, or tester and the task at hand. Obviously, a softw are tester will likely find a practical testing method more relevant to his/ her work than let's say a requirements engineering method. This is due to the role and nature of tasks done by a given practitioner.
Figure 1-Factors that influence relevance of a topic to practitioners (adapted from [72])
In SE, relevant research usually takes either of these two forms: (1) picking a concr ete industry problem and solving it; and (2) working on a topic which meets the four dimensions of relevance in Table 1 using data and artifacts which ar e similar to industry grade, e.g., from the open-source domain, which later has a potential for ''technology transfer'' [73] . The first author has had experience in conducting both forms of research, e.g., [74] [75] [76] [77] [78] as examples of w orking on concr ete industry problems; and [ [79] [80] [81] [82] [83] as examples of working on open-source data with topics that could be also applied and provide benefits in practice. The second author has experience in conducting artifact-centered SE resear ch, targeting source code and technical documentation such as requirements and test specifications. In some resear ch communities, such as the traceability community, there is an acknowledged lack of available dataset s. M ost studies have been conducted on a small set of dataset s [63] , often containing artifacts from student or research projects, resulting in de facto benchmarks. H ow ev er, a survey within the traceability community revealed that artifacts from student projects are considered to be only partly representative of industry artifacts ---but the representativeness i s rarely validated [63] .
We have al so show ed the dangers of a resear ch community turning to much attention to perform w ell on benchmarks [64] ---the choice of dataset might influence the r esults more than the approaches that are compared. A s stated by [86] , regarding research on softw are testing, benchmarking results should not be regarded as representative of the average situation in industry, but a special situation in its context. Thus, for a benchmarking to be rel evant, the situation represented by the dataset should be relevant to some industrial practitioner.
A paper in the Management Science [69] defined relevance as follows: "A relevant research paper is one whose research questions address problems found (or potentially found) in practice". In the context of SE, while we agree that the RQs of a paper surely should address a problem relevant to industry, but there we think might is more to research relevance than just RQs.
In a given SE paper, one can define a RQ that is very relevant to industry, but then (for "convenience" [29] or other reasons) one may decide study the RQ in the context of an open-source system or within a student project. Conclusions from such a study may be or not be relevant to industrial problems, despite having a relevant RQ in the first place. Of course, generalizability of such conclusions and their applicability to industrial settings could be discussed in a given paper, and indeed, many papers currently have such discussions, often under their "threats to external validity" sections.
Thus, we see that the issue of "context" seems influential when discussing research relevance. It could be that a study is highly relevant in open-source contexts, but less relevant in the context of large-scale commercial systems. Thus, the issue of context becomes yet another dimension of relevance.
We use the above discussions to synthesize the following definition for relevance in SE context: For a given context X, a relevant research paper is one: 1) whose RQ(s) address problems found (or potentially found) in the context of X; and 2) the conclusions originate in research that is representative of and applicable in the context of X. The possible contexts of X could be: large-scale software industry, SME software industry, open-source systems and students / SE education.
Research utility:
Rel evance of research al so closely relates to ''utility'' of research. A ccording to the M erriam-Webster Dictionary, ''utility'' is defined as ''fitness for some purpose or worth t o some end'' and ''somet hing useful or desi gn ed for use''.
When resear ch is useful and could provide utility to practitioners, it is generally considered relevant [87] . There have been studies assessing utility of research, e.g., [87] proposed six propositions for utility evaluation of academic resear ch: (1) it can be measured directly and indirectly; (2) utility is dep endent not only on academic research supply of knowledge and technology, but equally importantly on demand from industry; (3) research utility should be view ed in both short-and longterm perspectives, which makes assessment dependent on time intervals; (4) the framew ork for evaluating resear ch utility must take into consideration a number of differences with respect to academic resear ch: betw een applied and basic research, betw een resear ch areas, betw een disciplines within an ar ea; (5) assessing the utility of research must consider the differences in user groups; and (6) the transmission of knowledge from the academic setting to industry and the public sector is predominantly an interactive process carried out by individuals.
Applicability:
A s shown in Table 1 , addressing the real challenges alone does not make research relevant. Applicability is another important dimension of relev ance [70] . A paper could address r eal challenges, but it may miss to consider realistic assumptions in terms of SE approaches [6] , or applying it may incur more cost s than benefits ("cur e wor se t han the di sease "), e.g., [5] [18] . In more general terms, research impact often has two aspects: academic impact and industrial impact. Academic impact is the impact of a given paper on other future paper s and activities of other researchers. It is often measured by citations and is studied in bibliometric studies, e.g., [88] [89] [90] [91] . The higher the citations of a given paper, the higher its academic impact [88] [89] [90] .
Industrial impact is how ever harder to be measured since it is not easy to clearly determine how many times and to what extent a given paper has been read and its ideas have been adopted by practitioners.
A new type of impact notion named ''Altmetrics'' has appeared recently [92] . Altmetrics are ''non-traditional bi bli ometrics pr oposed as an alt ernative or compl ement t o mor e traditi onal cit ation impact metrics, such as impact fact or and h-index'' [92] . An online commercial tool (www.altmetric.com) is one of the available means to measure Altmetrics and has this motto: ''Discov er the att ention surrounding your r esear ch''. The tool tracks how research is discussed online, esp ecially on social media.
Research rigor:
Rigor in resear ch refer s to ''the pr eci si on or exactn ess of the r esear ch met hod used'' [93] . Rigor can al so mean: ''the corr ect use of any met hod for its int ended purpose'' [94] .
In the literature, relevance is often discussed together with research ''rigor'', e.g., [2, 52, 53] . For example, ther e i s a paper with this title: ''Reconciling the rigor-r el evance dil emma'' [54] [17] .
A causation diagram among the above related terms:
After reviewing the literature about the above related terms, w e w ere motivated to explore their inter-relationships. For this purpose, based on our synthesi s of the literature, w e designed a cau sal-loop (causation) diagram [96] as shown in Figure  2 .
A researcher may decide to w ork on industrially-rel evant or -important topics and/ or on ''academically-hot'' or ''acad emicallychallenging'' topics. A s per our experience and also according to the literature (Sections 2.3 and 3), often times, aligning these two (selecting an industrially-relevant and an acad emically-challenging topic) is unfortunately not easy [51] .
In ''M aking r esear ch mor e rel evant whil e not diminishing it s rigor'', Robert Glass mentioned that: ''M any beli eve t hat the two goal s [rigor and r el evance] ar e almost mutually incompatibl e. For exampl e, rigor tends t o demand small, tightly controll ed studi es, wher eas r el evance t ends t o demand l arger, mor e r eali stic studi es'' [16] . Also there are many similar discussions in other disciplines, e.g., ''Reconciling the rigor-r el evance dil emma'' [54] originating in business administration research. Thus, rel evance and rigor often negatively impact each other, i.e., the more relevant a research effort, it could become less rigorous. H ow ever, this is not a hard rule and researcher s can indeed conduct a r esearch which is both rel evant and rigorous. For example, the first author collaborated with an industrial partner to develop and deploy a multi-objective regression test sel ection approach in practice [77] . The approach clearly w as both rel evant and rigorous. More relevance of a research endeavor would increase its applicability, usability, and its chances of usage (utility) in industry, and those in turn will increase its chances for (industrial) usefulness and impact. A s shown in Figure 2 , the main reward metric of acad emia has been acad emic impact (citations) which, as w e will see in Section 3, is one main reason why the SE r esearch, and almost all other research disciplines, suffer from low rel ev ance.
Existing models for classifying types of research
In the literature, various models have been proposed for classifying knowledge, which could help us better understand research relevance. N ext, w e briefly review in the following sev eral of those models: (1) Basi c versus applied research; (2) Past eur's quadrant, (3) Rigor/ relevance matrix, (4) ''Mode 1'' versus ''Mode 2'' research and (5) knowledge-seeking research versus solution-seeking research in SE.
Basic versus applied research:
A s defined in [97] , basic research is ''fundament al, foundati onal, theory ori ent ed and curi osity driven'', while applied resear ch is ''practi cal, goal dir ect ed, soluti on ori ent ed, and mi ssion driven''. Applied research is al so often referred to as "contextdriven" research in SE [35] and other fields. While extensive discussions on the subject of basic versus applied research is outside the scope of our paper, it is important to realize the importance of both basi c and applied resear ch in SE.
We depict in Figure 3 the classical landscap e of research, which is taken from [98] . While most acad emic r esearch is focused on basic and applied research, industry efforts ar e mostly spent on technology and provide development. Figure 3 al so show s the Technology Readiness Level s (TRL s) 1 and 9 on the two ends of the spectrum. TRL levels are based on a scal e from 1 to 9 with 9 being the most mature technology. In this classical landscape, the source [98] has even labeled the middle area as the ''valley of death'', denoting that academia and industry are largely disjoint due to their different focuses. Of course, efforts ar e made by both sides to close the gap in different fields. An interesting book in this context is a 2016 book entitled ''The n ew ABCs of r esear ch: achi eving br eakt hr ough coll abor ations'' [97] , which advocates for more IAC in all ar eas of sci ence. One of the interesting quotes in that book is that: ''Combining appli ed and basi c r esear ch produces higher impact r esear ch, compar ed t o doing them separ at ely''. [97] . Both basic and applied research have their supporters and critics in the research community [97] . Critics of basic research argue that simplifications and idealizations remove the interesting domain-specific aspect s of a problem and thus render the w ork less applicable (implementable). ''The pr obl ems addr essed in basi c r esear ch may mi ss key ingr edi ent s of r eal-world pr obl ems'' [97] , thus making technology transfer more difficult. On the other hand, critics of applied resear ch argue that its narrow focus on practical outcomes ties it too closely to business needs, thereby undermining interest in universal principles in the form of theories. Critics al so complain that applied research only addresses short-term goals with incremental contributions, rather than long-term problems [97] . Past eur's quadrant: Past eur's quadrant is a classification of sci entific resear ch projects that seek fundamental understanding of sci entific problems, while also having immediate use for society. Louis Pasteur's research is thought to exemplify this type of method, which bridges the gap between ''basic'' and ''applied'' resear ch. The term w as introduced in a 1997 book [99] , which has become highly cited (3,370 times as of this writing). Based on the dimensions of Pasteur's quadrant, w e can talk about relevance for generalized knowledge (al so called: Quest for fundamental understanding) and relevance for immediate applications (al so called: Considerations of use) in the context of SE. One can argue that most SE r esearch so far has focused on the quest for fundamental understanding. Considerations of use (relevance or benefit) has been considered in only a fraction of SE studies.
Rigor/ relevance matrix:
Another model is the research rigor/ relevance matrix presented by [101] , as shown in Table 2 . Where methodological rigor is high, but practical relevance i s low, the so-called "ped antic" sci ence i s generated. It is the belief of the authors and many other SE researcher s (e.g., see the papers in the MLR of Section 3) that most SE paper s fall in this category. These ar e studies that are rigorous in their design and analytical sophistication yet fail to address the important issue of relevance. Su ch resear ch usually derives its questions from theory or from existing published studies, ''the sol e crit eri on of it s worth being the evaluati on of a small minority of ot her r esearcher s who speci alize in a narr ow field of inquiry'' [101] . 
High
The quadrant where both practical relevance and methodological rigor are high, is termed as pragmatic sci ence. Such w ork simultaneously addresses questions of applied relevance and does so in a methodologically-robust manner. Clearly, w e believe that this particular form of research is the form that should dominate our discipline, an opinion which is al so stated in other fields, e.g., psychology [101] .
Research representing popular science ar e highly relevant but lacks methodological rigor. [101] elaborated that popular sci ence ''is typi cally ex ecuted wher e fast-emer ging busin ess tr ends or management initiatives hav e spawn ed ill-conceived or ill-conduct ed studi es, rushed t o publicati on in order to pr ovide a degr ee of l egitimacy and marketing support''. In SE and computing in general, one could identify certain studies as popular science, but we the authors prefer not to label certain studies as such, and instead w e leave the judgement to the read er.
Finally, in puerile sci ence, ''r esear cher s pur su e i ssu es of unaccept ably-low pr actical r el evance, and do so using r esear ch desi gns and met hods l acking in rigor'' [101] .
Mode-1 versus M ode-2 research:
Another classification divides research approaches into ''Mode-1'' versus ''Mode-2'' research [102] (Table 3) . Mode-1 is the classical research paradigm focusing on interests of the sci entific community while M ode-2 considers interests of the industry and soci ety. In terms of the nine criteria shown in Table 3 , the two approaches differ quite a lot. 
Knowledge-seeking research versus solution-seeking research in SE:
A recent mythological paper in SE, entitled "The ABC of Softwar e Engineering Resear ch" [103] , presented an interesting classification of SE r esearch into two categories: Knowledge-seeking resear ch versu s Solution-seeking research, as shown in Table 4 . We think that classification is related to the issu e of resear ch relevance as follow s. Pap er s reporting knowledgeseeking research versus
While it is expected that papers reporting both knowledge-seeking and solution-seeking research to hav e practical rel evance, the ones of the latter type ar e more explicitly expected to be so. Pap ers r eporting knowledge-seeking research ar e al so expected to have practical rel ev ance in a w ay that they could enable better understanding of SE "phenomena that is not (or not suffi ci ently) well under st ood or known" [103] or could benefit follow-up solution-seeking resear ch, e.g., investigating a RQ such as: H ow does Extreme Programming w ork? [104] .
Table 4-Knowledge-seeking research versus solution-seeking research in SE [103]
Knowledge-seeking research Solution-seeking research Goal:
To gener ate or propose sci entific cl aims and to ev aluate and validate those claims. This may al so include the development of instruments or other artifacts with the specific purpose of supporting or enabling these knowledge-seeking activities, e.g., the construction of an instrument that facilitates data gathering or analysis.
To design or develop new or improve existing solutions that can help to overcome or ameliorate challenges, bottlenecks, and other problems in the development of softw are systems and supporting processes.
Focus of research:
A phenomenon within SE, or a characteristic thereof, that is not (or not sufficiently) w ell understood or known.
A specific SE challenge, obstacl e, or problem, and the design or creation of a solution.
Outcome:
Empirical findings, descriptions, insights generated by simulations, theoretical or conceptual framew orks, or hypotheses.
Artifacts that include algorithms, tool s, notations (incl. languages), models, mechanisms, and techniques.
Example Research Question:
How does Extreme Programming w ork? [104] How to sel ect a subset of the input data to automatically find performance bottlenecks? [105] 
Related work: literature on research relevance in other disciplines
Research relevance has also been widely discussed in other disciplines. A s discussed in Section 2.1, relevance has often been discussed together and related to research ''rigor''. To get an overview of the literature on this ''debate'', we conducted a search in the Scopus search engine (www.scopus.com) for paper s having ''relevance'' and ''rigor'' in titles and Scopus returned a set of 192 papers (as of . By exploring the subject areas in which these papers hav e been published, w e found that many of the sci entific disciplines ar e represented, denoting that the debat e of rel ev ance ver sus rigour is active in many fields (see Figure 5 ). We w ere also curious about the time trend of these publications. A s Figure 6 show s, the debate first started as early as in 1974 and has become more active by time since then. We show in Table 2 a randomly-sampled subset of the paper s from the above pool of 192 papers. Some of the paper titles in the pool of papers look interesting and ev en bold, e.g., ''Rigor at the expen se of r el evance equal s rigidity'' [52] , ''Which shoul d come first: Rigor or rel evance?'' [53] , ''Reconciling the rigor-r el evance dil emma'' [54] , ''Informati on syst ems r esear ch [56] . We discuss next a few of the interesting papers in this small subset.
Three of the paper s in Table 2 ar e in areas of Computer Sci ence: data-mining [106] , Human-computer interaction (HCI) [107] , and Decision support systems (D SS) [108] .
The Information systems (IS) community seems to be particularly paying more attention to this debate. A paper published in the I S community [109] defined a quantitative metric called "relevance coefficient'' and assessed a set of papers in three top I S journal s using that metric. The metric w as based on the four dimensions of rel evance as w e discussed in Section 2.1 (as d efined in [70] ).
A study [110] in management science argued that: ''The r
el evance lit er atur e oft en moans that the publicati ons of t op-r anked academi c j ournal s ar e hardly r el evant t o manager s, whil e acti onabl e r esear ch struggl es t o get publi shed''.
A paper by a researcher in the Harvard Business School [69] suggested researchers to proceed with a research project only if they can answer "yes" to all three of the following questions: (1) Is the research question novel to academics?, (2) Is the research question relevant to practice?, and (3) Can the research question be answered rigorously?
A 1999 paper in the I S community [111] Economics [130] 2015
The practical relevance of management research: turning the debate on relevance into a rigorous scientific research program Management science [67] Prof, no one is reading you Generic to all disciplines [131] Rigor and relevance in sport management: reconciling the competing demands of disciplinary research and user-value Sport science [132] The last research mile: achieving both rigor and relevance in information systems research
Information systems (IS) [133] Our new three R's: Rigor, relevance, and readability Governance science [134] Rigor and relevance: a PhD student's perspective Biology [135] 2016 Reframing the relevance of research to practice Management science [72] Action research: intertwining three exploratory processes to meet the competing demands of rigor and relevance Business science [136] Enhancing the practical relevance of research Management science [69] The Problem of Political Science: Political Relevance and Scientific Rigor in Aristotle's "Philosophy of Human Affairs" Political science [137] 2017 Is management research relevant? a systematic analysis of the rigor-relevance debate in top-tier journals (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) Management science [68] Understanding relevance of health research: considerations in the context of research impact assessment Health sciences [138] Social work research and its relevance to practice: the gap between research and practice continues to be wide Social work science [139] Theorizing with managers: how to achieve both academic rigor and practical relevance?
Marketing science [140] Implementation science: Relevance in the real world without sacrificing rigor Health sciences [141] 2018 Contextualizing international business research: enhancing rigor and relevance Business science [142] Maintaining relevance and rigor: How we bridge the practitioner-scholar divide within human resource development Business science [143] Rigor, relevance, and the knowledge "market" Management science [110] The fallacy of impact without relevance -reclaiming relevance and rigor Supply chain management [144] The r eview paper [67] review ed a large number of papers (exact number not explicitly mentioned) and synthesized the reasons for the lack of relev ance, and suggested solutions in the literature to improve resear ch relevance. Our MLR in Section 3 is a similar study in the context of SE.
The paper [68] reported a systematic analysis of 253 articles published about the rigor-relevance d ebate in top-tier journals in management resear ch. The paper identified four positions on rigor and rel evance in management research: (1) gatekeeper s' orthodoxy, (2) collaboration with practitioner s, (3) paradigmatic shift, and (4) refocusing on common good. The paper reported that: ''Although contradi ct ory, these positions coexi st within the debat e and ar e const antly being r epeat ed''.
Current state of affairs: SE practice versus research (industry versus academia)
To better understand research relevance, w e al so need to have a high-level view of the current state of affairs betw een SE practice versus resear ch (industry versus acad emia) [51, 145, 146] . It is without a doubt that the current level of industryacad emia collaborations (IAC) in SE i s relatively small compared to the level of activities and collaborations in each of the two communities, i.e., industry-to-industry collaborations and acad emia-to-acad emia collaborations. It is not easy to get quantitative data on such collaborations, but w e can look at the estimated data for the population of the two communities.
According to a report by Evans Data Corporation [147] , there w ere about 23 million softw are developers w orldwide in 2018, and that number is estimated to reach 27.7 million by 2023. A ccording to an IEEE Softw are paper [8] , ''4,000 individual s" ar e "actively publi shing in maj or [ SE] journal s'', which can be used as the estimated size (low er bound) of the SE r esear ch community. If w e divide the two numbers, w e can see that on average, there is one SE acad emic for every 5,750 practicing softw are engineer, denoting that the size of the SE research community is very small compared to the size of the SE workforce. To better put things in perspective, w e visualize the two communities and the current state of collaborations in Figure 7 .
There are few quantitative data sources on the issue of interaction and information flow betw een the two communities. For example, in a survey of software testing practices in Canada [148] , a question ask ed practitioners to rate their frequency of interaction (collaboration) with academics. Based on the data gathered from 246 practitioners, the majority of respondents (56%) mentioned never interacting with the researcher s in acad emia. 32% of the respondents mentioned seldom interactions. Those who interacted with researcher s once a year or more only covered a small portion among all respondents (12%). Thus, w e see that, in general, there are limited interaction, knowledge exchanges and information flow s betw een the two communities in SE. N evertheless, w e could clarify that there ar e multiple communities within academic SE and industry SE, respectively. In such a landscape, some communities might collaborate more than others, and some industry sectors are probably closer to resear ch than others. [41] . Tw o SE researcher s who both moved to industry wrote in a blog post [40] :
The w eak connection betw een industry and acad emia is al so visible from ''the difficulti es w e hav e t o attract industrial participant s t o our confer ences, and the scar city of paper s r eporting industrial case studi es''
''Whil e r esear cher s and practition er s may mix and mingl e in ot her speci alti es, ev ery SE confer ence seem ed t o be str ongly bi ased t o on e si de or the ot her'' and ''…only a handful of gr ad student s and on e or two adventurous faculty att end big industrial conf er ences like t he annual Agil e get-t oget her''.
On a similar topic, there ar e insightful stories about moving betw een industry and academia by people who have made the move, e.g., [149] . The ''Impact'' project [153] , launched by ACM SIGSOFT, aimed to demonstrate the (indirect) impact of SE research through a number of articles by research leaders, e.g., [154, 155] . Although some impact can certainly be credited to research, w e ar e not aw are of any other engineering discipline trying to demonstrate its impact through such an initiative. This in itself is a symptom of a lack of impact as the benefits of engineering resear ch should be self-evident. [157] in which he also talked about theory versus practice and how far (and disconnected) they are.
Value for both basic and applied research in SE
A s discussed in [35] : ''Doing basi c r esear ch in no way pr ev ent s us fr om gr ounding our work in r eality''. Focusing on SE, critics of applied SE research argue that linking industrial SE challenges to ongoing resear ch could be tricky and may have potential pitfalls, in part because those challenges/ needs can be driven by many issues (e.g., lack of economic incentives to make tools out of existing techniques) and because the timelines and context of research and industry endeavors can be quite different. Critics argue that too much research emphasis on industrial problems may lead to negative impacts on the fundamental (basic) research, e.g., lack of innovation due to the focus on industrial applications which usually has a shortterm effect.
We w ould like to emphasize that there is value for both basic and applied research in SE. For example, formal methods is often seen as an example ar ea of basic resear ch in SE. While a lot of basic research has been done in this area, some technology transfer and industrial application of formal methods have al so been reported [158, 159] . Focusing on softw are testing, to provide examples on value of basic research, w e can refer to the basic research on topics such as assertions since sev eral decad es ago (as early as in the 1970' s) [160, 161] which have put the ground-work for modern test tools and frameworks such as JUnit. To highlight the need for both theoretical and practical resear ch, w e would like to cite two quotes from Leonardo da Vinci:
''Theory without pr actice cannot survive and di es as quickly as it lives''; ''H e who lov es pr acti ce without theory i s like t he sailor who boar ds ship without a rudder and compass and nev er knows wher e he may be cast''.
Similar to other areas of science, each member of the SE r esear ch community also chooses and usually (prefer s to) stays in one region of the research landscap e (Figure 3 ). For example, researcher s of the formal methods community tend to be mostly in the basic research mode, while researcher s of the empirical SE community tend to be more in the applied research ar ea of the spectrum. In empirical SE, some resear chers apply their ideas on open-source softw are, e.g., [162, 163] . In most cases, such studies are industrially-relevant and thus w e can see that achieving research relevance is possible without direct explicit collaboration links betw een resear cher s and industry. Another group of empirical SE researcher s work in close collaboration with industry and usually conduct technology transfer of their method and approaches to the industry. For example studies, read ers can refer to the paper s published in ''industry tracks'' of major SE conference, e.g., ICSE, ESEM and ICST.
AN MLR ON RESEARCH RELEVANCE IN SE
An MLR [164] is a form of a Sy stematic Literature Review (SL R) or Systematic M apping (SM ) which includes the grey literature (GL), e.g., blog posts and white papers, in addition to the published (formal) literature (e.g., journal and conference papers).
In our literature searches, since w e found sev eral w ell-argued GL sources about resear ch relevance in SE, e.g., [7, 15, 18, 20] , w e determined that w e should include GL in our review study, which turned it to an MLR. We present next different phases of the MLR as follow s:
• Goal and review questions (RQs) (in Section 3.1)
• An overview of the MLR process (Section 3.2)
• Results of the MLR (Sections 3.3 and 3.4)
• Summary and discussions (Section 3.5)
• Potential threats to validity of the MLR (Section 3.6)
Goal and review questions (RQs)
The goal of our MLR is to synthesize the existing literature, debate and discussions in the SE community about research rel evance. Based on this goal, w e raised two review questions (RQs):
• RQ 1: What are the root causes of low research relevance?
• RQ 2: What ideas hav e been suggested for improving relevance?
An overview of the MLR process
MLRs have recently started to appear in SE. A ccording to a literature search [164] , the earliest MLR in SE seem s to have been published in 2013, on the topic of technical debt [165] . M ore recently, more MLRs have been published, e.g., on smells in softw are test code [166] , on serious games for softwar e process education [167] , and on characterizing DevOps [168] .
Motivated by the lack of guidelines for conducting MLRs in SE, the first author and his collaborators recently dev eloped and published a guideline for conducting MLRs in SE [164] , which is based on the SLR guidelines proposed by Kitchenham and Charters [169] , and MLR guidelines in other disciplines, e.g., in medicine [170] and education sciences [171] . A s noted in [164] , certain phases of MLRs ar e quite different than regular SLRs, e.g., searching for and synthesizing grey literature.
To conduct the current MLR, w e used the above guideline [164] and our recent experience in conducting sev eral MLRs, e.g., [82, 166, 172] . We first developed the MLR process as shown in Figure 8 . The authors conducted all the steps as a team.
We already discussed the 1 st phase (MLR planning: its goal and RQs) above in Section 3.1. We present the follow-up phases of the process in the next sub-sections: (phase 2) sear ch process and source sel ection; (phase 3) development of the classification scheme (map); (phase 4) data extraction and systematic mapping; and finally (phase 5) data synthesi s. A s w e can see, this process has a lot of similarity to the typical SLR processes [169] and also SM processes [173, 174] , the major difference being only in the handling of the grey literature (i.e., searching for those sources, applying inclusion/ exclusion criteria on and synthesizing them). 
Source selection and search keywords
A s suggested by the MLR guidelines [164] and also as done in sev eral recent MLRs, e.g., [82, 166, 172] , w e performed the sear ches for the formal literature (peer-review ed papers) using the Google Scholar and Scopus (www.scopus.com). To sear ch for the related grey literature, w e used the regular Google search engine. Our search strings w ere: (a) Rel evance softwar e r esear ch; (b) Rel evant softwar e r esear ch; and (c) utility softwar e r esear ch.
Details of our source sel ection and search keywords approach w ere as follow s. The authors did independent searches with the search strings, and during this sear ch, they already applied inclusion/ exclusion criterion for including only those results which explicitly addressed ''rel evance'' of SE research.
Typically in SM and SLR studies, a team of resear chers includes all the sear ch results in the initial pool and then separately performs the inclusion/ exclusion as a separate step. This results in huge volumes of irrelevant papers. For example, in a SL R [175] , the team of researcher s started with an initial pool of 24,706 articles but out of those only 25 w ere found relevant finally. This means high effort due to the very relaxed sel ection and filtering in the first phase. How ever, on the other hand, in two other SM studies in which the first author w as involved, i.e. [176, 177] , the initial filtering w as more rigorous and the reduction of the paper sets w ere as follow s: (1) from an initial pool of 230 papers to a final pool of 136 papers in [176] , and (2) from an initial pool of 72 papers to a final pool of 60 papers in [177] . In those latter studies, the teams of resear cher s found the process to be more effective and efficient, while at the same time, the quality of the sel ection and results w as not impacted. We thus follow ed the same approach used in [176, 177] in this study as w ell.
We also utilized the relevance ranking of the search engines (e.g., Google's PageRank algorithm) to restrict the sear ch space. For example, if one applies sear ch string (c) above to the Google sear ch engine, 103,000,000 results would show as of this writing (July 2018), but as per our observations, relevant results usually only appear in the first few pages. Thus, similar to what w as done in sev eral recent MLRs, e.g., [82, 166, 172] , w e checked the first 10 pages (i.e., somewhat a sear ch ''saturation'' effect) and only continued further if needed, e.g., when the results in the 10 th page still looked rel evant. A s a result of the initial search phase, w e ended up with an initial pool of 52 sources. To ensure including all the r elevant sources as much as possible, w e also conducted forw ard and backw ard snowballing [178] for the sources in formal literature, as recommended by systematic review guidelines, on the set of papers already in the pool. Snowballing, in this context, refers to using the reference list of a paper (backw ard snow balling) or the citations to the paper to identify additional papers (forw ard) [178] . By snow balling, w e found and added to the candidate pool nine additional sources, bringing the pool size to 60 sources. For example, source [3] w as found by backw ard snowballing of [12] , source [4] w as found by backward snowballing of [46] .
Inclusion/exclusion criteria
The next stage w as devising a list of inclusion/ exclusion criteria and applying them via a voting phase. We set the inclusion criterion as follow s: The source should clearly focus and comment about SE r esearch relevance.
We used the clearly-defined definitions from Section 2.1 for research relevance and the related terms: utility, applicability, impact, and rigor, which are usually not treated synonymously in the papers. Any source which did not meet the inclusion criterion w as excluded. For example, w e excluded several papers published out of the ACM SIGSOFT ''Impact'' project [153] [154] [155] , since they had only focused on research impact, and not relevance.
Sev eral paper s had the term ''rel ev ance'' in their title explicitly, e.g., ''Strat egi es for industrial r el evance in softwar e engineering educati on'' [179] , ''The r el evance of education t o softwar e pr actition ers'' [180] , but w ere not included since they focused on relevance of SE ''education'' and not research relevance. Our exclusion criteria w ere: (1) non-English paper s, and (2) full paper s being not available.
Application of the inclusion/ exclusion criteria resulted in exclusion of 15 sources. The final pool of sources included 46 sources, which w e review in the rest of this section.
Pool of sources
We show the final pool of sources in Table 6 along with their source types. 33 wer e published literature (papers) and 13 w ere GL sources. We show the annual trend of sources in Figure 9 . We see in Figure 9 that the debate has gotten more active in recent years, after 2010.
We see that the issue was discussed as early as in 1985 in a paper entitled "On the relevance of formal methods to software development" [19] (P19). In the rest of this section, w e refer to the sources in the form of Pi, as shown in Table 6 . 
Figure 9-Annual trend of sources in our M LR pool
In terms of SE ar eas (topics), while 30 sources w ere generic (considered SE as a whole), 16 sources discussed research rel evance in the context of specific SE ar eas, e.g., 6 sources focused on requirem ents engineering (RE), 3 focused on formal methods, 3 focused on testing, and 1 focused on refactoring. For example, P3 presented a new paradigm for applied requirements engineering resear ch. P5 w as an experience report on applying software testing academic results in industry. 1986  1987  1988  1989  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013  2014  2015  2016  2017  2018 Number of sources 
Data extraction and synthesi s approach
For synthesizing data to answ er the MLR's two RQs, w e used qualitative coding [181] , an approach which w e have also applied in sev eral other recent MLR studies, e.g., [82, 172] . We took each qualitative piece of data from each paper, and then performed ''open'' and ''axial coding'' [181] .
Recall from Section 3.1 that our MLR included two RQs: (1) What are the root causes of low research relevance?; and (2) What ideas have been suggested for improving relevance?. We highlighted texts in each source which addressed each of these two RQs and used the identified phrases to conduct qualitative coding and then grouping the codes, when need ed. We show in Figure 11 an example of this process, in which the two aspect s (root causes and improvement suggestions) ar e highlighted in pink and green, respectively. In addition to the above two RQs, we also noticed many interesting quotes in the source which w e al so extracted (highlighted in yellow color in Figure 11 ).
Based on the principles of qualitative coding [181] , w e merged and grouped the identified codes iteratively until w e reached a cohesive set of groups based on the extracted qualitative data. We have had experience for conducting such a grouping in our past works too, e.g., [82, 172] . For example, see the sev eral groups of root causes of low research relevance in Figure 11 , e.g., issu es with resear ch approaches (mindset), not considering ''context'' (approaches too generic). These groups will be discussed in Sections 3.3 and 3.4.
Data extraction and qualitative coding (grouping) Figure 12 show s the grouping of the root cau ses of low relevance, as discussed in the sources. A s Figure 12 show s, since several of the topics w ere specific to researchers, w e grouped them under that heading, e.g., issues with research mindset, and simplistic view (wrong assumptions) of SE in practice. 
Issues specific to researchers
We should also mention that, due to the complex nature of this subject, there are interdependencies among different root cau ses, e.g., "lack of connection with industry" would lead to "wrong identification of research problems" and also "ignoring cost-benefit of applying a SE technique". We should clarify that w e w ere aw are of this fact and decided to record and synthesize the root cau ses, as they w ere explicitly reported in the sources, without our own interpretations.
To better understand the nature and concept of the root-cause categories shown in Figure 12 , w e have model ed in Figure  13 the relationship of the root cau ses w .r.t. different actors. This diagram looks like a context diagram of SE resear cher s working in their academic institutions and being involved in the SE community.
What drives the research work of researchers ar e mainly their personal (individual) mindset/ opinion/ beliefs about how research should be conducted. Also, the (dominant) group mindset/ opinion [182] of the SE community as a whole is a driving factor which often influences per sonal (individual) mindsets.
What is striking in Figure 12 is that a majority of categories, 10 of 16, r elate to researcher s' mindsets w .r.t. research. Those ar e root causes which ar e under the ''control'' of researcher s and if they decide to take a shift in their mindsets. We will discuss this issue further in Section 3.4 (for RQ 2). We discuss each group next and provide examples of explicit quotes from the sources in each case.
Another motivation of Figure 13 i s to scope the origins and context of root cau ses so that, once w e discuss them in the next sev eral sections, w e can digest how each group of issues could be addressed. For example, the root causes sp ecific to researcher s would need mindset changes in resear chers while root causes specific to the SE community w ould need community-level actions to be improved. 
I ssues specific to researchers
We have classified the issues (root-causes) specific to researcher s in sev eral categories, as shown in Figure 12 , which w e discuss next.
Having simplistic view s (often, wrong assumptions) about SE in practice:
sources mentioned having simplistic view s (wrong assumptions) of SE as root causes. Focusing on requirements engineering (RE), as an area of SE, P10 mentioned that: ''Too oft en, r esear ch justifi ed as sati sfying the n eeds of industry begins with a wr ong or simplifi ed under st anding of industry's pr obl ems''.
Using data by surveying 512 practitioners in Microsoft, P14 described a number of reasons given by practitioner s to explain why they view ed topics studied in some SE papers as ''unwise'', including ''qu esti onabl e assumptions''. 
Wrong identification of research problems (need s):
Wrong identification of research problems w as mentioned as a root cause in 11 sources. P6 assessed whether automated debugging techniques ar e actually helping programmer s. By exploring the technical details of how debugging is done in practice, P6 came to the conclusion that: ''without a
cl ear under st anding of how devel oper s use t hese t echni ques in pr actice, the pot enti al eff ectiven ess of such [ aut omat ed debugging] t echni qu es r emains unknown''. P11 said that: "we i gnor e the r eal cutting-edge pr obl ems t hat or ganizati ons face t oday".
P17 stated that: ''practition ers don't seem t o want frameworks; they want patt erns of cont ext-specific hel p''. P20 stated that: ''SE r esear cher s l ack underst anding of industry's true needs''. P26 mentioned that SE papers ''gain littl e traction with industry because t hey do not appear t o addr ess t he pr actition er's pr obl ems''.
In another classic paper P30, David Parnas stated that: ''The dev el oper s' maj or probl ems w er e pr obl ems t hat I had n ev er consider ed, pr obl ems that non e of my pr of essor s or coll eagu es t hought worthy of di scussi on''.
Andy Ko, the author of P34, stated that: ''many of our engineering pr obl ems simply ar en't the pr obl ems that softwar e engineering r esear cher s are investigating. M any of the pr obl ems in softwar e engin eering ar en't t echni cal probl ems, but peopl e pr obl ems."
Gordon Clegg nicely phrased the issu e also in his 1969 book called ''The design of design'' [183]: ''Sometimes t he pr obl em is t o di scov er what the pr obl em i s''.
Per sonal experience:
The first author's PhD thesis w as on: Stress testing of distributed real-time systems based on UML models using genetic algorithms [184, 185] . Although the w ork w as seen as a rigorous w ork (sev eral papers from it w ere published in top SE venues such as ICSE), now that he looks at his PhD work retrospectively, he has come to the conclusion that while a need to solve such a problem exists in the industry, identification of the research problem w .r.t. constraints and assumptions in practice w as not fully precise with what industry needs to solve such a problem. In discussions with more than a dozen industrial partners after his PhD, he w as not able to find any industrial context in which UML models, needed by the technique, w ere readily available for applying the technique. Also, in initial analyses of cost s and benefits of developing such UML models, the researcher and his industrial partners came to the conclusion that the efforts to develop all the detailed UML models to apply the stress-testing technique w ould not worth it at the end. Thus, one would conclude that the identification of the resear ch problem, in terms of constraints and practical consider ations in practice w as not fully precise. This observation is similar to what is argued in the experience r eport P5 which questioned the unrealistic assumptions in many model-based testing papers about availability of UML models needed for testing.
Issues with research approach/ mindset: 10 sources mentioned root causes grouped under resear ch approach/ ''mindset''. In a blog post (P7), a SE resear cher argued that ''Studying human syst ems like softwar e engineering organizations r equir es r esear ch met hod skills that cannot be found easily among r esear cher s''. Using data from a survey of practitioners in Microsoft, P14 provided two reasons given by practitioners to explain why they view ed topics studied in some SE papers as ''unwise'': (1) empirical study being ''nonactionable'', and (2) generalizability issues in most empirical studies. These cl early rel ate to research approach and mindset of SE resear cher s.
In ''M aking r esear ch mor e rel evant whil e not diminishing it s rigor'' P16, Robert Glass argued that ''most r esearcher s strive for rigor and see r el evance as a l esser goal'', thus calling researchers to have a mindset shift to al so value relev ance. In another classic paper P38, Robert Glass believ ed that the SE r esearch w as in ''crisi s'', due to lack of relevance. One main reason he said w as ''Not using the sci entific met hod'', which had to start with ''observing the world'', and also not analyzing critically if a new model or approach is really need ed. He said that, due to mostly being rooted in CS and mathematics, most SE r esear cher s use the ''analytical'' research method which consi sts of these steps: Propose a formal theory or set of axioms, develop a theory, derive results, and if possible compare with empirical observations.
P21 argued that: ''Whil e r esear cher s t end t o addr ess chall enges t hat they beli ev e hav e t he pot enti al t o be transformative in
Ignoring cost-benefit of applying SE techniques:
Ignoring cost-benefit of applying SE techniques w as mentioned as a root cause in 10 sources. This issue w as mentioned in P5, an experience r eport on applying softw are testing academic results in industry. The author of the study had tried applying model-based testing, but one problem w as that: ''None of the compani es'' that he ''worked for in the past five y ear s used any sort of modeling''.
H e then argued that ''it i s important t o always st at e wher e the model s [t o be used in model-based t esting] come fr om: ar e they artifici al or did they alr eady exi st befor e t he experiment s'' and that ''on e has to ar gu e and ev aluat e if the time and effort in dev el oping and maintaining such model s for a given syst em does pay off in the end''.
P9 expressed that the utility of formal methods ''is sev erely limit ed by the cost of applying the t echniqu es''. P19 also reported that ''introducti on of formal met hods consumes consider abl e r esour ces''. Another paper on relevance of formal methods, P22, stated that: ''Even on small exampl es, it oft en appear s that the model s [used in formal methods] ar e mor e compl ex than the code''. Complexity in this context related to cost-benefit of applying the technique. P23 al so stated that: ''formal not ati ons and analysi s t echni qu es ar e [ oft en] hard t o l earn, pr ovide no cl ear ben efits and r equir e t oo much effort''. P38 al so reported that ''practition er s saw mor e cost than ben efit in its [formal v erificati on] use''.
P11 mentioned that ''r esearch soluti ons off er t oo small impr ov ement s in r el ati on t o ri sk''. P14 found that ''practition er s deemed t he cost of using and maint aining a particul ar tool t o be hi gher than the ben efit gained by using the tool''.
P20 al so argued that ''an engin eering soluti on i s useful if the ben efit gain ed i s si gnificantly gr eat er than the cost''. The study went further to state that: ''Ther e i s littl e di scussi on in [SE] r esear ch of the full cost s of a t echni qu e (including acqui sition, training, and di sruption t o exi sting pr ocesses). Ther e ar e sel dom argument s made as t o why the ben efits are si gnificantly gr eat er than the cost s and how thi s t echni qu e will r educe pr oj ect risk''.
P26 stated an even har sher opinion: ''Rather than showing a bett er, mor e effici ent way t o do things, they [most SE paper s] call for additi onal work that has no obvi ous ben efit''.
The first author's PhD thesis w as on: Stress testing of distributed real-time systems based on UML models using genetic algorithms [184, 185] . Although the work w as seen as a rigorous w ork (sev eral papers from it w ere published in top SE venues such as ICSE), now that he looks at the PhD effort retrospectively, he can see that cost-benefit of applying the proposed technique w as not adequately considered. The w ork w as only evaluated on a ''prototype'' distributed sy stem [184, 185] . The w ork w as conducted in level "3" of closeness betw een industry and acad emia ( Figure 14 , as discussed below). After his PhD, the first author tried to follow the ''research-then-transfer'' approach (P28), by talking to several industry partners to see if he could find a suitable context to apply the technique on. While a few industry partners found the idea of performance testing interesting, he w as not able to find any industrial context in which UML models, needed by the technique, w ere readily available for applying the technique. Also, in initial analyses of cost s and benefits, sever al partners mentioned their doubts whether the effort to develop all the detailed UML models to apply the technique w ould be w orth it at the end. Thus, the first author decided to consider the cost-benefit analysis of all the follow-up SE resear ch that he w orked on after his PhD. This observation w as v ery similar to the experience r eport P5 on model-based testing.
Lack of connection with (or experience in) industry:
Lack of connection with (or experience in) industry was mentioned as a root cause in 10 sources. Per sonal experience:
The second author joined A BB as a d eveloper after he completed his M Sc degree. Three year s later, trigger ed by downsizing in industry, he was encouraged to apply for a position as a PhD student at Lund University. H e applied, got the position, and applied for a leav e of absence for studies from A BB, in accordance with Sw edish legislation. Thanks to this construct, he kept a formal connection with industry and an active communication channel for reality checks. Furthermore, related to the issue of ''Wrong identification of resear ch problems'', the second author entered the PhD studies with a fresh picture of current challenges r elated to change impact analysis in saf ety-critical development. In the end, he did not return to his former employer after obtaining the PhD.
Conducting "advocacy research" (''research-then-transfer''):
Conducting ''advocacy'' research w as mentioned as a root cause in 7 sources. 
P28 said: ''Unfortunat ely, softwar e-engineering r esear ch i s oft en mor e soluti on-driven t han pr obl em-focused''. P8 mentioned that: ''Engineering r esear ch must be pr obl em-driven, account for r eal-world r equirem ent s and constr aint s''. P22 said: ''We need r esear ch, not advocacy: When w e find that peopl e ar e not adopting our met hods, it i s t empting t o try ''t echnol ogy transf er'' and other forms of advocacy''. P46 mentioned that ''Soluti on-ori ent ed paper s t hat pr opose met hods or pr ocess model s ar e vi ew ed as t oo gen er al''.
P39 cat egorized the SE resear ch into two incommensurable paradigms: (1) [4] , which undermines consen sus and hinder s sci entific pr ogr ess".
To further characterize and understand advocacy research, w e discuss a model proposed by P29, which conceptualized the collaboration modes (styles), or ''degree of closeness'' betw een industry and acad emia, as shown in Figure 14 . There ar e five levels in this model, which can al so be seen as maturity level s: (1) not in touch, (2) We argue that, in levels 1-3, there is really no IAC, since researchers working in those levels only identify fuzzily a general challenge of the industry, dev elop a solution for it, and then (if operating in level 3) approach the industry to try to convince industry to try / adopt the solution (advocacy resear ch). H ow ever, since such techniques ar e often developed with a lot of simplifications and assumption often not valid in industry [186, 187] , they fail to be applicable (work) in industry. IAC which would increase research relevance really occurs in level s 4 and 5. Of course, level 5 i s the most ideal case in which both parties w ork as ''one team'' to identify a specific challenge. They then iteratively evaluate and validate draft solution approaches and finally deploy a tailored solution in the context of the industrial partner. Last, but not least, w e w ant to emphasize that it is the opinion of many resear cher s and practitioners [188] that ''technology transfer'' (from academia to industry) is not a suitable wording for IAC, but better terms are ''(mutual) knowledge transfer'' and ''knowledge exchange''. 
define the cont ext within whi ch SE met hodol ogi es and t echnologi es ar e t o be appli ed and ther efor e t he cont ext that r esear ch n eeds t o account for, if it is t o be impactful''. The paper believed that ''most of the r esear ch i s insuffici ently gr ounded in r eal dev el opment cont exts''.
P35 al so believed that there is a ''short age of cont ext-driven r esear ch''.
P4 argued that: ''It i s not enough t o dev el op n ew theories and pr ovide evi dence. The pr actition er s who ar e t he audi ence for our evidence must be abl e to under st and our theori es and findings in the cont ext of their work and values''.
Related to the issue of context, many sources believed that focus of most of SE resear ch has been too generic (or general) and thus has not considered context. For example, P28 mentioned that ''Much of the r
esear ch-then-tr ansf er [SE r esear ch] work that seeks t o dev el op compl et ely gen er al t ool s i s naïv e''.
To some degree, failing to consider context al so relates and could be due to conducting advocacy research, in which the researcher does not clearly identify issues of industrial contexts and thus develops generic SE approaches. This w as the case for the first author's PhD thesi s [184, 185] . Since the model-based testing approach developed by him w as too generic, it show ed to be challenging to find an industrial context to apply it, once the technique w as developed.
Working on small "toy" system s (not considering scalability):
Working on small "toy" systems w as mentioned as a root cause in 5 sources. To assess whether automated debugging techniques ar e actually helping programmers, P6 critically studied a number of empirical studies in this area, and found that: ''most pr ogr ams studied [ 
Per sonal experience:
The second author is active in the softw are traceability community. In this community, it is an acknowledged problem that obtaining large industry-relev ant dataset s of softw are artifacts to use as input for tool evaluation is difficult, especially when you are looking for dataset s annotated with ''true'' trace links betw een artifacts. A few curated dataset s are publicly available, and these ar e frequently used in evaluations. The second author has al so used these [189] , but then switched to working with closed datasets from industry contacts [190] . The datasets ar e surely relevant, and orders of magnitudes larger, but the downside is that they can never be made public, i.e., no opportunities for external replications.
Approaches ar e too complex:
3 sources mentioned that researcher s develop approaches which are too complex. Entitled ''What industry needs fr om ar chit ectural languages'', authors of P43 believed that: ''H eavyw eight and complex ar chit ectural l anguages oft en det er pr actition er s''. P18 nicely put these factors as follow s: ''compl exity impr esses, but pr ev ent s impact''.
In criticizing the complexity of formal methods, P9 mentioned that ''The mat hematical abstr acti ons embodi ed in not ati ons such as Z and Timed CCS facilitat e br evity and pr eci sion, but they do not necessarily contribut e t o cl arity''.
The second author conducted an SLR on the use of information retrieval approaches to support softw are traceability [191] . Sev eral researchers hav e been active in developing solutions of various complexity, but the SL R show ed that there w as no empirical evidence that complex approaches consi stently outperform simpler alternatives. On the other hand, the second author has been a complexity culprit himself. In a large study on automated bug assignment, he worked with his colleagues on developing ensemble methods based on machine-learning to classify bug reports [192] . The ensemble results w ere promising, and one of the industrial partners proceed ed with the w ork ---but the pilot solution that eventually w as deployed in the company used only one of the (simpler) learning algorithms.
Others root causes sp ecific to resear cher s:
Others root cau ses specific to resear cher s w ere mentioned in 2 sources.
P19 mentioned that ''[many] pr actition er s st at e that they consi der our t opi c [formal met hods] t oo t heoreti cal and not worth their time''.
In criticizing formal methods, it also stated that: ''Formal SE appr oaches ar e subj ect t o the same err or s as pr ogr ams''. A s another root cause, P20 mentioned that "Oft en the only user s of the t echni qu e ar e t he r esearcher s themselv es, and they hav e made scant att empt to empirically ev aluat e t he t echni qu e by practitioner s".
I ssues in the (SE) research community
Six (6) The challenge of publishing applied ("actionable'') research has been stated like a ''paradox'' in other fields too, e.g., [110] 
mentioned that: ''The ' r el evance lit er atur e' oft en moans that the publicati ons of t opranked academi c j ournal s ar e hardly r el evant t o manager s, whil e acti onabl e r esearch struggl es t o get publi shed''.
P35 mentioned that the SE ''Resear ch tradition [is root ed] in comput er sci ence''
, which is another symptom of group mindset/ opinion, negatively impacting resear ch relevance.
P41 m entioned that ''SE r esear ch i s mor e driven by 'fashi on' than n eeds, a qu est for silver bull et s. We can only bl ame our selv es'', and that papers in industry tracks of most SE conferences ar e not ''seen as fir st-cl ass citizens''.
The first author has had experience in having some of his papers rejected due to the symptom that ''Academi c j ournal s don't r eward r el evant r esear ch'' P16. For example, he had conducted applied research on visual GUI testing in practice in an industrial case study. The initial submission of the work to a SE journal received a reject which included this comment:
thi s [paper] i s valuabl e in gen er al, it i s t oo much t ool-centric t o be consi der ed.
The emphasi s should be mor e on met hodol ogy''. In a follow-up submission to a conference, the paper w as accepted [78] , denoting that the particular review ers assigned for the 2 nd submission valued work on softw are tools as r elevant research this time.
I ssues in the academi c system
A s w e visualized the nature of the root-cause categories in Figure 13 , researcher s are mostly working on the acad emic institutions and thus should follow the norms and expectations of the acad emic system, e.g., about publications. 13 sources mentioned issu es r elated to this cat egory. P41 mentioned these i ssues: "Our CS l egacy ( emancipating our selves as an engineering di sci pline)'' and ''counting paper s''.
P5 raised the issu e of ''Being r ewarded for number of publicati ons, in contrast t o other engineering fi el ds that put mor e focus
I ssues in the funding system
Four (4) sources mentioned issues r elated to this category. P10 talked about general ''lack of funding'' for relevant and practical w ork. P32 argued that ''r esear cher s ar e n either incentivized nor funded t o make t heir work r el evant and pr actical''. P36 al so mentioned that ther e i s no funding for building and maintaining large softw are, so it could be used for relevant research.
In a recent grant submission in the N etherlands, the first author proposed a relevant and practical topic (testing scientific softw are) and secured support letters from sev eral industry partners and scientific research centers. H ow ever, ironically, one of the review ers found having industry partners a negative factor: ''The appr oach of having industry partner s will likely add t o the time r equir ed. The PhD student s will need to get to know the peopl e and the sci entific proj ect s that they ar e working on''.
I ssues w.r.t. collaborations
One of the categories w as the group of issues w .r.t. industry-academia collaborations [51] , as discussed next.
Challenging to collaborate with industry:
Six (6) sources mentioned that it is, in general, challenging to collaborate with industry and this hurts research relevance.
P7 reported that ''Working with industry r equir es time: You hav e t o build up a r eputation, gain trust, and may still not be abl e to get the dat a you need''. P21 mentioned that ''People fr om industry seem r eluctant t o shar e dat a with r esear cher s owing to confidentiality agr eements t hey must r espect''.
P32 al so mentioned that: ''it [industry-academi a coll aborations] i s expensiv e, t akes a l ot of time and doesn't gener at e many paper s''. The issue w as phrased in P38 as: ''Softwar e r esear ch that involved evaluati on in r eali stic setting i s expen siv e in t erms of both time and money''.
The challenge of collaborations with industry has al so been discussed in other fields, e.g., in psychology [101] :
''Practition er s and r esear cher s hav e oft en hel d st er eotypical vi ews of each ot her, with pr actition ers vi ewing r esear cher s as inter est ed only in met hodol ogi cal rigor whilst failing t o concern themselves with anything in the r eal world, and r esear cher s damning pr actitioner s for embr acing the l at est fads, r egardl ess of theory or evidence''.
Different understandings of evidence betw een resear chers and practitioners:
Three (3) sources mentioned issu es r elated to this category. P4 and P40 beloved that ''Practitioner s and r esear cher s hav e differ ent ideas about what makes good evidence''. P46 argued about ''Short age of synthesi s in [many] paper s'' which could benefit practitioners.
Other root causes of low relevance
Two sources mentioned other root causes of low relevance. P11 argued that ''Softwar e r esear ch i s bi ased t oward huge pr oj ect s'' and, thus, small to medium size projects may not benefit from most SE papers. P46 argued that it is ''hard for pr actition er s t o r ead and under st and r esear ch paper s'', an issu e related to research ''accessibility'' which is one dimension of rel ev ance (Table 1) .
RQ 2: Suggestions for improving research relevance
Similar to RQ 1, as discussed in Section 3.2.4, w e used the qualitative coding approach [181] to synthesize and group the suggestions for improving resear ch relevance. Figure 15 show s the grouping and frequency of suggestions for improving relevance, as discussed in the sources. Similar to Figure 12 , sev eral of the groups relate to improvements that shall be done by resear chers and, thus, w e hav e grouped them as such.
A s expected, most of the suggestions for improving rel evance, discussed in the sources, correspond to the root causes (Section 3.3) and are, in fact, suggested solutions to address those root causes, e.g., P28 suggested adopting the ''industryas-laboratory'' approach to replace ''Research-then-transf er'' approach. 
Improvement suggestions specific to researchers
A s w e can see in Figure 15 , a majority of categories, 6 of 9, relate to researchers' mindsets w .r.t. research. We discuss each category below .
N eed for using ''proper'' research approaches:
18 sources called for using proper research approaches. P2 suggested adopting resear ch methods that are ''contributing t o r el evance'' as listed below: action research, case study, field study, descriptive/ exploratory survey and interview studies. Per sonal experience:
Since year 2008, the first author has gone though a mindset change in his resear ch approach. H e used to rely less on real industrial challenges before. But since then, he has started using the action-research approach and actively work with industry to solve real-world problems, e.g., [74] .
Choosing relevant (practical) problems:
Choosing and w orking on relevant problems would obviously make resear ch relevant. 17 sources mentioned this suggestion. P17, an IEEE Computer paper entitled ''M aking SE r esear ch r el evant'', suggested to researcher s to: ''Ensur e r esear ch i s r el evant, r efl ects t he n eeds of pr actice, and can confidently decl ar e the r eason for conducting it''. Sel ecting the ''right'' topics for industry-academia collaborations i s sometimes easier said than done, but there are guidelines for it, e.g., [193] . Per sonal experience:
The first author w orked with an industrial partner and presented guidelines for sel ecting the ''right'' topics for industryacad emia collaborations with high relevance and impact [193] .
The second author have worked both in publicly-funded research projects with industrial partners and counterparts with exclusively acad emic collaborators. In the latter example, to avoid too esoteric research questions, an external advisory board with industry representation w as established. Still, the second author is convinced that the chances of doing relevant research increases considerably when industry has a financial stake in the project. Taking it one step further would lead to direct project assignments from industry, but then the acad emic resear cher rather need s to protect the sci entific contribution of the w ork ---and the right to publish the results.
Others hav e also presented guidelines for topic sel ection in industry experiments, e.g., Misirli et al. [194] proposed four fitness criteria for this purpose: (1) concreteness of the topic, (2) suitability of the topic for experimentation, (3) relevance of the topic to resear ch community, and (4) prior domain experience (of researcher s).
Collaborating with industry:
Collaborating with industry is al so an obvious w ay to incr ease (chances of) research relevance. In SE in general, the issue of (resear ch) "context" is getting more attention. For example, Petersen and Wohlin argued [195] that: "in or der t o dr aw valid conclusi ons when aggr egating evidence [in industrial studi es], it is import ant t o descri be t he cont ext in which industrial studi es w er e conduct ed". That paper [195] structured the context for industrial studies in SE by breaking it into six different context facets: product, processes, practices and techniques, people, organization, and market. The paper also provided a checklist [195] . The aim of the study w as to aid resear cher s in making informed decisions concerning which parts of the context to include in their paper s.
In the various industry-academia collaborations that the first author has been involved in, he has w orked with various industrial partners and in different industrial contexts and has car efully considered contextual factors, e.g., human, domain and organizational factors.
For example, in [78] , he and his collaborators assessed and introduced visual GUI testing in practice via a case study in which testers knowledge and organizational constraints (time and resource) w ere car efully monitored, and the domain of the softw are (aviation) w as taken into account. In [77] , a multi-objective regression test sel ection approach w as d eveloped and introduced for a particular defense softw are industry context. In [75] , the context w as a company developing lawpractice management softw are in which automated GUI testing w as introduced and its benefits w ere measured. In [196] , the context w as a SCADA control softw are, on which automated testing w as applied.
N eed for cost-benefit analysi s of SE techniques:
Four (4) Per sonal experience:
In various industrial case studies, the authors have conducted cost-benefit analyses of their SE studies, e.g., in [196] , cost/ benefit drivers of automated testing for a specific project and context w ere identified (see Table 7 ) and wer e empirically measured as follow s: ROI =BD1+ BD2+ BD3-CD1-CD2 = 87 hours (initial development of manual test suite, if it w as to be done) +87*6 hours (test cod e maintenance, since the system evolved 6 times) -120 hours (the test tool's dev elopment time)-3 hours (test code inspection and completion) ROI = 486 hours = 60 man-days
Calculating the Return On Investment (ROI) of the above particular testing approach helped both the practitioners and academics involved in the project to objectively assess the success and impact of the approach.
The second author has successfully used QUPER [197] , a model developed to support setting quality targets in softw are product development, to structure discussions on the utility of novel SE techniques. The QUPER model treats quality as an inherent characteristic on a non-linear sliding scal e, and specifies three subjective quality breakpoints: 1) utility ---the user starts recognizing the value of the tool, 2) differentiation ---the tool starts to become impressive, and 3) saturation ---improved quality beyond this point is not of practical significance. The second author used the QUPER model to discuss industrial adoption of automated bug assignment [192] and to structure interview s with practitioners during evaluations of ImpRec, our change impact analysis tool [190] . A ssessing the utility of proposed SE techniques is a prerequisite for cost-benefit analysi s. 
Per sonal experience:
The first author has been active in attending and giving talks in industry conferences, e.g., [198] [199] [200] [201] [202] . Each visit has been quite fruitful for him personally in exchanging interesting ideas and getting to know real industrial challenges in SE.
The second author has co-organized events gear ed at IAC, including the Softw are Technology Exchange Workshop, an annual conference in Sw eden, and the Int'l Workshop on Softw are Engineering Resear ch and Industrial Practice, co-located with ICSE. The former ev ent is primarily a forum to showcase r esults from academic research to a broader public. The latter ev ent is rather a meta-research workshop aiming at advancing IAC to reduce the gap betw een research and practice. His experience i s that both types of events ar e useful, but that the target audiences are rather different.
Changes in the academi c system
Sev en (7) sources mentioned improvement suggestions under this category. P3 advocated for ''r eal world ben efit s and cust omer focus over h-indexes and accept ance r at es''. P5 and P8 advocated for "bett er r ewar d syst ems" in academia. P7 believed that acad emia ''shoul d give mor e fr eedom of expl or ati on t o younger r esear cher s''. P27 and P35 suggested that ''hiring and pr omotion committ ees must emphasize and r eward evidence of impact on engineering pr actice''. P41 suggested that academia should provide resources to support industry collaborations.
Changes in the SE community
While some improvement suggestions w ere about the acad emic system, some wer e about the SE community. 8 
Changes to the funding system
Four (4) sources mentioned improvement suggestions under this category. P5 mentioned that funding agencies play a major role in the lack of resear ch rel evance and impact on industry. It suggested that "If funding pr oj ect s changed their metrics and all ow ed mor e mon ey and time t o be dedicat ed at dev el oping pr oper, and usabl e t ool s, ... many r esear cher s would do so. In the curr ent environment, the mon ey/time i s only enough for a pr ototype at best".
Summary of the MLR findings
The MLR synthesized the existing literature and discussions in the SE community about research relevance. Rather than relying on and considering the opinions mentioned in only one or few of the sources, written by one or a few authors, the MLR collected and synthesized the opinions from all the 46 sources about this debate and thus, w e believe, it provides a more holi stic view on the two issues under investigation: root causes of low relev ance and suggestions for improving rel evance.
A s Figure 12 show ed, the top-3 root causes of low rel evance, as discussed in the community (46 sources), ar e: (1) Simplistic view (wrong assumptions) about SE in practice (discussed in 12 sources); (2) Wrong identification of research problems (need s) (11 sources); and (3) Issues with resear ch mindset (10 sources). We al so found out each root cause was mentioned in multiple sources, thus we see that many members of the community share similar opinions on the debate.
A s Figure 15 show ed, the top-3 suggestions for improving resear ch relevance ar e: (1) U sing appropriate resear ch approaches such as action-resear ch (discussed in 18 sources); (2) Choosing relev ant (practical) problems (17 sources); and (3) Collaborating with industry (11 sources). In general, as expected, most of the suggestions for improving resear ch rel evance, discussed in the sources, corresponded to the root causes and are, in fact, suggested solutions to address those root causes, e.g., P28 suggested adopting the ''industry-as-laboratory'' approach to replace the ''Research-then-transfer'' approach, which often low ers relevance.
A s discussed in Section 3.3 and as per the model of Figure 13 , the root cau ses of low rel evance and suggestions for improving rel evance should be assessed in the context of different actors and scopes, e.g., issu es specific to researcher s and their mindsets, issues in the (SE) research community, and issues in the academic system. While the former two types of issues are not very hard to change, issues of the latter type (the acad emic system) are much harder to change and thus not easy to be done in near future. This is since the deci sions to rephrase the acad emic system, at large, is (to a large extent) beyond the control of the SE acad emic community, per se, and thus there is not much leverage to change it.
Potential threats to validity of the MLR
We car efully identified and addressed potential threats to validity at every step of the MLR study. We follow ed the guidelines for performing systematic literature review s and benefited from our previous experience, e.g., [177, [203] [204] [205] [206] [207] [208] [209] [210] . This subsection discusses the potential threats to validity and the actions w e took to minimize or mitigate them.
Internal validity: A systematic approach has been applied to conduct this study, as described in Section 3.2. To enable the repeatability of this study, w e have defined and reported all the st eps, including search engines, search terms, and the inclusion/ exclusion criteria that w e used. Some problems r elated to internal validity might have occurred due to the limitation of search engines and terms and bias in applying inclusion/ exclusion criteria.
To obtain a finite set of primary studies (sources) for review , it is mandatory to limit the sear ch engines and terms used. Such a limitation is a threat for the completeness. To decrease the possible negative impact of this risk, the first author conducted the searches using the sear ch terms and the other two authors checked the pool to minimize chances of missing relevant sources. In addition, w e also conducted forward and backw ard snow balling [178] on the set of paper s already in the pool.
To minimize the risk of bias in applying inclusion/ exclusion criteria, for a subset of the papers, the first and second authors voted for the paper s to be included. The papers which had conflicting votes have been explicitly discussed by the authors. A consensus w as reached for all such papers.
There is a risk that al so the process of extracting information from the primary studies i s biased. We mitigated this by expressing clear instructions for the data extraction, i.e., the qualitative coding in pink, green, and yellow as described in Section 3.2.4.
Construct validity: The suitability of RQs and the approach used for data extraction address the construct validity for this study. The better the RQs and the data extraction approach reflect the theoretical concepts behind this study, the more valid would this study be from the per spective of this type of validity.
We thoroughly examined the related w ork and extracted RQs based on the current literature and the experience of the authors. The RQs cover our research goal s, which have been answ ered according to the categorization scheme. M oreover, as r eported under internal validity, peer review s w ere performed to increase the quality of data extracted. Still, the concept of relevance is an intricate theoretical construct, and there is a risk that its interpretation varies both betw een individuals and over time.
Conclusion validity: To be able to provide sci entific conclusions, it is mandatory to treat the primary sources rigorously and in a repeatable manner. We identified all the primary sources through a car efully designed and executed search process. The authors refined the data extraction approach iteratively to avoid any ambiguity. Peer review has mitigated the risk of bias in data extraction by the authors and disagreements have been resolved by consensus.
We believe that the w ell-defined, executed and reported method used in the MLR would ensure the replicability and reproducibility of the MLR without major differences in the conclusions, if another independent MLR is to be conducted.
External validity: External validity is defined as to what extent the results of this study can be generalized. We beli ev e to have gathered most (if not all) of the sources in the relev ant literature, which provided sufficient information to the RQs of the study. We then follow ed a systematic MLR process and synthesized the extracted data from the sources to reach generalizable conclusions. Moreover, the conclusions ar e consi stent with the observations of the authors in the SE field. The conclusions are only valid for the SE field and their generality is subject to discu ssion for other related fields.
RECENT ACTIVITIES IN THE SE COMMUNITY TO IMPROVE RELEVANCE AND ACTING ON THE "SUGGESTIONS"
After synthesizing the debate of resear ch relevance and suggestions for improving it (since as early in the 1980's) by our MLR (in Section 3.4), it is logical to wonder how much improvements w e as the SE community have done so far, and what more needs to be done. To shed light on this curiosity, we did an exploration of the activities in the community by looking at the activities of SE conferences, journals, and also discu ssions in the social media such as Twitter, Facebook and LinkedIn among active members of the community who often regularly cast their voices on this debate, e.g., 1 and 2 .
We synthesized the results of our exploration of the recent activities in the community in this regard, and map them in Table  8 to the suggestions provided the community, as synthesized in the MLR (Section 3.4). We have al so derived some recommendations and have color coded them.
In terms of changes in researcher s' approach/ mindset (e.g., choosing relevant problems and paying attention to context), we have observed that some resear cher s have embraced (started) the mindset change, but there is a need for more work to be done, so that more researchers embrace the change. Recent research [211] suggests that a minority of 25% is needed to change a majority viewpoint, i.e., a quarter of a population is the tipping point.
In terms of changes in the academic system, it seems that it is not easy to be done in near future, since the acad emic sy stem is beyond the SE community, and there is not much leverage to change it. Therefore, there ar e low hopes for changes in this asp ect.
In terms of changes in the SE community, many SE conferences (e.g., ICSE, ESEM and ICST) now have ''application'' (industry) tracks, which is a good move. But some other improvement ideas such as ''top j ournal s and confer ences must acknowl edge t hat cont ext-driven r esear ch i s n eeded, valuabl e, and challenging''(P27) have not been widely accepted/ adopted yet, which are somewhat related to researcher s' mindset, since journals and conferences are actually ran by researchers whose mindsets hav e direct influences on community directions (e.g., decisions made by journal editors). Thus, there is a need for more aw areness of the issue.
In terms of changes to the funding system, there hav e been some good initiatives in many countries, e.g., the Horizon 2020 calls of the European Union, the ''Engage'' 3 and Collaborative Research and Development (CRD) 4 grants in Canada by the Natural Sci ences and Engineering Research Council of Canada (N SERC), but we have observed that not many countries have such grant program or their funding agenci es do not value such grant settings, but there is room for improvement in this asp ect too. 
N eed for improvement
Changes in the academic system Not easy to be done in near future. The academic system is beyond the SE community.
Not much leverage to change it. Low hopes for changes. Changes in the SE community Many SE conferences now have ''application'' (industry) tracks
Good, but need for more aw areness of the i ssue Changes to the funding system Good initiatives in some countries, e.g., H orizon 2020 calls of the European Union, the N SERC ''Engage'' and Collaborative Research and Development (CRD) grants in Canada N eed for improvement
TOWARDS ASSESSING RELEVANCE
After reviewing the literature in this area, w e have been able to synthesize some initial ideas tow ards assessing rel ev ance. One could take the four dimensions of rel ev ance in Table 1 (from [70] ) and use a rubric (Likert scal e) to quantify rel evance of a given paper (research activity). Of course, conducting such an assessment objectively is not easily possible since different members of the (SE) community could have different opinions and a research approach seen highly ''applicable'' (one dimension of relevance) by one resear cher may not be seen applicable by another researcher. How ever, still w e w ould like to present the rough idea to point out the possibility of such assessments. Note that similar assessments have been done in other fields too, e.g., in the I S community [109] .
To present the ideas via examples, w e w anted to sel ect a set of SE paper s (e.g., published in ICSE or other top venues).
To prevent unintended judgments, w e d ecided to do this analysis on a set of our own paper s, and thus w e chose randomly sev en of the first author's publications, as shown in Table 9 , which cover different topics in SE, and use a 5-point Likert scal e, betw een 1 (very low) to 5 (very high), to quantify each of the four relevance dimensions (as li sted in Table 1 ). For assessing these aspects as precisely and objectively as possible, the authors consulted with two practitioners in their collaboration network and used a lightw eight Delphi method [212] to determine the data unanimously. Topics of the sev en papers are al so briefly listed in the top row .
For the dimension of ''addressing the real challenges'', w e have used as a proxy the five levels of closeness betw een industry and acad emia (Figure 14) , since w e figured out that the level of closeness (how the paper idea w as sel ected), at least in these cases, somewhat denote how a given paper's topic addresses the real challenges. For the case of work on UMLbased stress testing [59] , the idea w as r emotely captured from a few industrial partners (level of closeness=3). For the 2 nd paper, sear ch-based testing of multi-agent systems [58] , the idea w as determined even in a further remote manner from industry (level of closeness=2). For the other cases, there w as active involvement with industry, and case studies w ere conducted in most cases, and thus, the problems under study had higher chances of addressing real challenges.
For the applicability dimension, w e used a similar argument to assign the scales shown in Table 9 . The higher the involvement with industry in determining a problem under study and if practitioners w ere involved in developing a SE approach, the higher its applicability. For the accessibility of a paper to practitioners' dimension (its writing style), our rationale of the scal es w as as follow s. It has been widely discussed that practitioners find full-length journal article of low readability [213] [214] [215] . All the papers in Table 9 , expect the survey on softw are test maturity and test process improvement [61] , w ere full-length journal articles. Thus, w e assigned the value two (2) for their accessibility. [61] w as published in IEEE Softw are, thus w as gear ed more tow ards practitioners in terms of writing, and thus we assigned four (4) for its accessibility. We w ould reserve the top score of five (5) for blog posts, learning videos, and hands-on tutorials.
Once w e have values for all cells in Table 9 , w e can determine their sums and normalized percentages (by dividing sum's over 20, i.e., if all the four dimensions had a value of 5).
We should remind that this simple idea has been applied in the IS community [109] , is a rough concept tow ards assessing rel evance, and could provide a rough ''spectrum'' of relevance (as depicted in Table 9 ) when assessing a set of papers. It is our opinion that a researcher should aim at conducting her/ his research more w ards the high relevance side of the sp ectrum. Table 9 -Quantifying research relevance of papers using rubri cs and the model of [70] Category Papers
Dimensions of relevance
Sear chbased testing of multi-agent sy stems [58] UMLbased stress testing [59] Regr ession test sel ection in practice [77] Investigating the success of opensource projects by data mining [216] Test r edundancy measurement based on coverage information [217] Tool for generating black-box xUnit test code [60] Surv ey of softw are test maturity and test process improvement [61] 
CONCLUSIONS, RECOMMENDATIONS AND FUTURE WORKS
The paper's main conclusion is that there has been a lot of discussions and debates on research relevance in SE since 1980' s. While some recent positive efforts have been made in this direction, e.g., establishing ''industrial'' tracks in sev eral SE conferences, w e as a community still struggle with research relevance. We al so provided an overview of an active debate on resear ch relevance in other fields.
The paper's main argumentation (thesis) is that w e, as the SE community, should conduct and report more relevant research. By synthesizing the root causes of low research relevance and improvement suggestions, provided by prolific community member s (via the MLR study), w e would like to suggest further attention and discussions on this debate, and aim to add to the already-started ''momentum'' of recent debates on this subject, recalling from Section 3.2 that 12 sources, review ed in the MLR, have been authored in the last two years only: [2017] [2018] .
Furthermore, by sharing some of our concr ete experiences in conducting SE research with varying degrees of relevance, and relating them with the root causes of low research relevance and improvement suggestions, w e w ere able to provide some concrete examples on how various changes and improvement could be made, e.g., mindset shifts.
While the issu e of research rel evance i s non-questionable, w e also need to view our arguments with somewhat critical eyes and consider the possible anti-theses. One of the strongest arguments against research relevance could be that researchers cannot (easily) determine beforehand what (topics) will be relevant later. Also industry often does not know what will be rel evant in the future. H ow ever, certain SE i ssues and challenges ar e quite fundamental and would be suitable candidates for relevant resear ch topics, e.g., increasing effectiveness and efficiency of testing, and identifying such topics, especially in close collaboration with industry, w ould be the winning point to drive a r elevant research endeavor.
Related to the issue of time-horizon in conducting relevant research, a report from the ACM SIGSOFT ''Impact'' project [153] mentioned that: ''It typically takes at l east 10 [153] . But the question is what ratio of SE r esearch ideas ar e ''good'' and make it (get ''transferred'') to the practice? This clearly relates to whether a given resear ch idea i s rel evant w.r.t. current or future industry practices. The report stressed ''the cl arity, effici ency, and pr of essi onalism of di scussions r egarding SE r esear ch's eff ectiven ess'' [153] . On the other hand, some other recent studies such as [57] have highlighted that SE research could have ''real-time'' industry impact when it is done ''continuously and collabor atively'' and one does not have to w ait many years to see its impact.
t o 20 year s for a good [ SE] idea t o move fr om initial r esear ch t o final widespr ead pr actice''
On the positive side, w e interpret the recent activities done in the SE community to improve relevance as a promising move and hope to see further progress and more collective efforts in this direction, to which this study can help and provide concrete insights. H ow ever, w e shall be realistic and, as one senior academic (Dirk Ri ehle) with a long experience of working in industry put it [7] , making the changes to increase the relevance of SE r esearch is ''not easy t o achi ev e and it will t ake str ength and st amina in all of us''.
Future work directions in this area could include the followings: (1) devising heuristics and guidelines to choose relevant research problems (topics) which are also as rigorous and as academically-challenging as possible; and (2) using our initial ideas for assessing rel ev ance (in Section 5) and extending it to be able to objectively assess the relevance of one's resear ch ideas.
